Streptococcus pneumoniae is a common cause of invasive infections in children, such as bacteremic pneumonia, septicemia, and meningitis, but also of noninvasive infections such as nonbacteremic pneumonia, sinusitis, and otitis. Pneumococcal disease is the vaccine-preventable disease that currently causes most child deaths worldwide. Every year 826 000 deaths in children 1 to 59 months old are caused by S. pneumoniae, corresponding to 7% of all deaths in this age group. 1 Pneumonia makes up 90% of these deaths. [2] [3] [4] Sinusitis in preschool children is a potentially serious disease because of anatomic closeness to the orbita and the brain. Complications include periorbital and orbital cellulitis, abscesses, and meningitis. The most commonly isolated pathogens in pediatric sinusitis are S. pneumoniae (30%), Haemophilus influenzae (30%), and Moraxella catarrhalis (10%). 5 The disease is more severe in patients infected with pneumococci than in those infected with H. influenzae. 6 Pneumococci may be divided into .90 serotypes, depending on the structure of their polysaccharide capsules. Effective pneumococcal conjugate vaccines (PCVs) targeting an increasing number of serotypes (PCV7, PCV10, and PCV13) have been developed for children ,2 years of age. Meta-analyses of randomized placebo-controlled clinical trials in children ,2 years show that PCVs have a vaccine efficacy against vaccine-type invasive pneumococcal disease (80% [58%-90%]), radiologically verified pneumonia (27% [15% to 36%]), and clinical pneumonia (6% [2%-9%]). 7 Since 2000 global use of PCVs has increased and has consistently led to reductions of 79% to 100% in the incidence of vaccinetype invasive pneumococcal disease. Effectiveness of PCVs in reducing hospitalization rates for pneumonia seems less consistent, with a decrease ranging from 13% to 65% in all-cause pneumonia hospitalizations in children. 8, 9 However, some studies show decreased risk only in infants and increasing risk in older children. [10] [11] [12] To our knowledge PCV effectiveness against hospitalizations due to sinusitis in children has not been clarified previously. [13] [14] [15] In Stockholm County, Sweden, PCV7 was offered on a 2+1 schedule at 3, 5, and 12 months of age to all children born since July 1, 2007. PCV7 was changed to PCV13 in January 2010, even for children who had received 1 or 2 doses of PCV7. No catch-up program was implemented. High coverage with the vaccine was reached early on, and by 2 years of age 96% of children born in 2008 and 98% of those born in 2010 had received 3 doses of PCV. 16 The aim of this study was to evaluate the impact of PCV7 and PCV13 on the incidence of hospitalization due to pediatric sinusitis, pneumonia coded as bacterial pneumonia, and empyema. We compared hospital discharge diagnoses during the 4-year periods before and after introduction of PCV7.
METHODS
A retrospective population-based study was performed using International Classification of Diseases, 10th Revision (ICD-10) coded hospital registries to identify all children hospitalized with sinusitis, pneumonia, and empyema in Stockholm County between July 2003 and June 2012. The year of introduction of PCV7, from July 1, 2007 to June 30, 2008 , was excluded from the analysis. The study years included cases from July 1 through June 30, to keep winter' s higher infection rates within 1 study year.
Study Population and Data Collection
In 2012 Stockholm County had a population of ∼2 million, of whom 22% were ,18 years (458 000) and 7% (144 000) were ,5 years old. 17 Data on hospitalizations were collected from the 3 children' s hospitals in the county. For the diagnosis of sinusitis, data were also included from the only otorhinopharyngeal clinic where children are treated as inpatients in Stockholm. Children 0 to ,18 years with the diagnoses being studied were hospitalized exclusively in these 4 places. All children with ICD-10 discharge diagnosis codes J13-J18 (pneumonia coded as bacterial pneumonia, or pneumonia unspecified), J86 (empyema), and J01 (sinusitis) were included. In Sweden children with sinusitis are treated as inpatients only when they have complications, either with orbital or periorbital cellulitis, or are in need of drainage or other surgical procedures.
We used pyelonephritis as a control for the effect of PCV on number of admissions (N10.9). To control for possible changes in diagnosis routines we also recorded the number of children admitted with asthma and obstructive bronchitis (J45.1, J20.9), respiratory syncytial virus (RSV) (J21, J20.5, J12.1), and viral pneumonia (J09-12, except for J12.1 respiratory syncytial pneumonia, J10.1 influenza, and J09 H1N1) during the same time period.
Data on age, gender, and date of admission were recorded for all children. Patients readmitted with the same diagnoses within 30 days of discharge were excluded. The children were divided into the age groups 0 to ,2, 2 to ,5, and 5 to ,18 years for analysis.
To validate the ICD-10 diagnoses we reviewed the medical records of all children with a discharge diagnosis of sinusitis (N = 678) and 100 children with pneumonia coded as bacterial pneumonia (50 before and 50 after vaccination). Information on signs and symptoms, radiographic findings, treatment, risk factors, and outcome was collected. Sinusitis cases were considered valid if there was a previous or ongoing respiratory infection, signs of orbital or periorbital swelling or redness, or a positive computed tomography scan. Pneumonia cases were considered valid if there was ongoing respiratory infection or radiographic verification, or they were judged by the attending pediatrician to be of bacterial origin and antibiotics were given.
Statistical Analysis
Segmented regression analysis was applied to evaluate the effect of the PCV7 vaccination program on monthly hospital admission rates of sinusitis and pneumonia, comparing the periods before and after vaccination, excluding the in-between year. 18, 19 Generalized linear models assuming a Poisson distribution for the monthly admission rates were fitted, and negative binomial distribution was preferred in the presence of overdispersion. Generalized additive models were used instead of generalized linear models to adjust for a seasonal effect when necessary. All models contained 3 basic parameters accounting for the preintervention trend, the change in level from the last preintervention point to the first postintervention point, and the difference in trend between the 2 periods. The postintervention trend and its SE were derived from a combination of the first and third parameters. Correlograms were used to check for autocorrelation in the residuals, and the models were adjusted for firstorder autocorrelation when necessary.
Rate ratios (RRs) and their respective 95% confidence intervals (CIs) were calculated to compare the prevaccination and postvaccine periods. We conducted all analyses by using the statistical software R, version 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria), and P values ,.05 were considered statistically significant.
Ethical Permission
Ethical approval was obtained from the Stockholm Regional Ethics Committee.
RESULTS

Sinusitis
Between July 2003 and June 2012, 678 children ,18 years old were discharged from the hospital with a diagnosis of sinusitis. Validation of medical records using preset criteria led to exclusion of 76 cases because of incorrect diagnosis without signs of concomitant sinusitis, such as skin infection, conjunctivitis, or insect bite (n = 46), or because there were no clinical signs of sinusitis (n = 30). Of the 602 remaining validated sinusitis cases, 234 (39%) patients were aged ,2 years and 159 (26%) 2 to ,5 years. Of the 393 children ,5 years of age, 62% were boys.
The incidence of hospitalization for sinusitis in children ,2 years of age decreased significantly from the prevaccination to the postvaccination period, from 70 to 24 per 100 000 personyears (RR = 0.34; 95% CI, 0.25-0.47, P , .001). A decrease, although not significant, was also seen in children 2 to ,5 years of age (RR = 0.72; 95% CI, 0.51-1.02; P = .06), whereas the incidence remained stable in older children (Table 1) .
Trend analysis showed that before PCV7 introduction there was no significant month-to-month change in the incidence of hospitalization due to sinusitis in children ,5 years old (Fig 1  and Table 2 ). Immediately after the first year of vaccination (July 2008) there was a decrease in hospitalization in the younger age group (0 to ,2 years); however, this was not significant (P = .055). For this age group and for those aged 2 to ,5 years, a significant month-to-month decrease in incidence was observed after vaccination (P = .018 and .004, respectively). No change was observed for those aged 5 to 18 years. There were no changes in gender distribution or in proportion of children with risk factors or chronic illnesses after introduction of PCVs (data not shown).
Pneumonia
From July 2003 to June 2012, 5018 children ,18 years of age with a discharge diagnosis of pneumonia coded as bacterial pneumonia were included; 2034 (41%) were ,2 years of age, and 1555 (31%) were 2 to ,5 years of age. Of the 3589 children ,5 years of age, 54% were boys.
The incidence of hospitalization for pneumonia in children ,2 years of age decreased significantly, from 450 to 366 per 100 000 person-years (P , .001), in a comparison of the prevaccination and postvaccination periods (Table 1) . A significant decrease in incidence (P = .002) was also seen in the age group 2 to ,5 years, whereas the incidence remained stable in older children.
Trend analysis showed that before PCV7 introduction there was a significant increase in month-to-month hospitalizations for pneumonia in children aged 0 to ,2 years (P = .001), but there was no significant change in children aged 2 to ,5 years. Soon after the first year of vaccination (July 2008) there was a significant decrease in hospitalizations in children aged 0 to ,2 years (P = .002). However, a significant month-to-month decrease in the postvaccination period was seen only in those aged 2 to ,5 years (P = .02). For the age group 5 to 18 years there was an increasing trend in month-to-month hospitalization both before and after vaccination, but there was no difference in the incidence RR (Fig 1, Tables 1  and 2 ).
When we compared the 50 validated pneumonia cases coded as bacterial pneumonia before PCV7 introduction 
Empyema
For children ,2 years old there was a nonsignificant increased incidence of hospitalization for empyema in the period after compared with the period before PCV7 and PCV13 vaccination (4.4 vs 2.5 per 100 000 person-years; RR = 1.78; 95% CI, 0.55-6.63; P = .42) ( Table 1) .
Hospitalization for Control Diagnosis
Pyelonephritis was used as an indicator disease for general hospitalization trends during the study period. There was a slight increase in hospitalizations during the study period in the age group 0 to ,2 years but not among children aged 2 to ,5 years (Table 1) . However, in the time trend analysis (Fig 1) the month-to-month incidence remained stable in the prevaccination and postvaccination period for both age groups (Fig 1 and Table 2 ).
The incidence of hospitalizations for asthma and obstructive bronchitis remained stable during the study period (Table 1) . However, the incidence of hospitalization for RSV infections and viral pneumonia increased significantly in children ,2 years old between the prevaccination and postvaccination periods (RR = 1.37; 95% CI, 1.29-1.46; P , .001 and RR = 1.46; 95% CI, 1.08-1.97; P = .01, respectively) ( Table 1) .
DISCUSSION
To our knowledge this is the first study showing that introduction of PCV7 and PCV13 in the childhood vaccination program significantly reduces hospitalizations for sinusitis in children ,5 years of age. We also found a significant reduction in hospitalization rates for pneumonia in children ,5 years old. However, there was an increase in empyema in children ,2 years of age in the postvaccination compared with the prevaccination period, but this was not statistically significant. Our finding of a decreased incidence of sinusitis after introduction of PCV7 and PCV13 is supported by a recent study by Peña et al 20 showing that S. pneumoniae was nearly eliminated as an etiological agent of complicated sinusitis in children after PCV introduction in the United States. Moreover, they observed a significant increase in S. aureus as a cause of complicated sinusitis.
Benninger 21 described a change in serotype distribution in both acute otitis media and acute rhinosinusitis in children after PCV7 introduction.
McNeil et al 22 showed that in the period when PCV7 was used in the United States, 50% of the pneumococcal isolates recovered from children with chronic sinusitis were serotype 19A, probably because of serotype replacement. So an overall decline in sinusitis after PCV7 and PCV13 vaccination in children may be followed by both serotype replacement and expansion of other bacteria, similar to the experience with invasive pneumococcal disease and otitis media. 8, 23, 24 The effect of PCV on the incidence of pneumonia necessitating hospitalization has varied between studies. A metaanalysis by Fitzwater et al 8 showed a 13% to 65% reduction in hospitalizations for pneumonia in children. In Norway, Magnus et al 25 showed a 22% decrease in pneumonia among PCV7-vaccinated children of 12 to 18 months of age. This is comparable to the 19% decrease in hospitalization for pneumonia in children aged ,2 years and the 15% decreased risk of pneumonia hospitalization in children 2 to ,5 years that we observed in this study.
Nelson et al 10 observed an effect on pneumonia rates in outpatients in the United States but only a nonsignificant reduction in confirmed hospitalization events in children aged ,1 year. In contrast, a recent study from the United States showed a sustained decrease in hospitalizations for pneumonia in children and a decrease in people .65 years old, possibly a herd effect. 26 Our use of a discharge diagnosis of pneumonia coded as bacterial pneumonia as an endpoint was motivated by the difficulty of establishing an etiological diagnosis of pneumonia, especially in small children.
Interestingly, we observed an increasing incidence of admissions to the hospital for pneumonia among children ,2 years and from 5 to ,18 years old before vaccine introduction, from 2003 to 2007 (Fig 1) . The reason for this increase is unclear, but natural fluctuations caused by expansion of certain pneumococcal serotypes or clones might have contributed. A similar increase in 2004 to 2006 was seen in a national time trend (1997 to 2008) study on hospitalizations for pneumonia among children in England. 9 This might have led to an underestimation of the real effect of the PCV vaccination, because we did not calculate expected rates assuming a continued increasing trend and comparing those with the observed rates, as was done in other studies. 27 Previous influenza virus infection has been shown to increase the risk of developing pneumococcal pneumonia. 28, 29 Recent data from the United States showed excess risk of pneumococcal pneumonia during the H1N1 influenza pandemic in 2009. 30 In our study we observed only an increase in hospitalizations for pneumonia, coded as bacterial pneumonia, in children aged 2 to ,5 years during this pandemic. There was a high coverage rate (50% of children aged 6 months to 2 years, 70% of children aged 3-18 years) of AS03-adjuvanted monovalent vaccine against influenza A(H1N1)pdm09 in Sweden. This vaccine was about 90% effective in preventing the need for hospitalization for pandemic influenza, 31 which may have lowered the excess risk for pneumococcal pneumonia.
A decrease in RSV infections was seen in South Africa during a PCV trial, and an increase in RSV activity was associated with an increased incidence of pneumonia in children in Israel, indicating mixed infections with RSV and pneumococci. 32, 33 In contrast, we noted an increase in RSV after PCV introduction, which may be explained by 3 consecutive seasons with unusually high circulations of RSV and increasing use of viral respiratory polymerase chain reaction diagnostics on nasopharyngeal samples in the last 10 years. Thus, the higher burden of influenza and RSV after PCV may have lowered the effect of the vaccine on pneumonia, as we found.
Empyema is a rare complication of pneumonia. Grijalva et al 34, 35 showed a twofold increase in hospitalizations for parapneumonic empyema after vaccine introduction in children in the United States. Serotypes 1 and 3 have been associated with empyema, and because they are not included in PCV7, serotype replacement may cause increased rates of empyema after vaccine introduction. 36 An increase in staphylococcal empyema or empyema of unknown etiology has been described, as well as an increase in pneumonia complicated by empyema, from 3.7 cases per 100 000 children to 10.3 after vaccine introduction in the United States. [35] [36] [37] As was found in earlier studies, we found a nearly twofold increase in hospitalizations for empyema in children aged ,2 years; this was nonsignificant, probably because of low numbers. The highest incidence of empyema was observed in 2007 to 2009, immediately after introduction of PCV7, indicating that factors other than the vaccine may have contributed.
A major strength of this populationbased study is inclusion of 100% of the relevant hospitalizations registered in the area. This is also the main weakness, because the result depends on doctors assigning the correct ICD diagnosis and not changing coding practices over time. However, we validated all cases of sinusitis and a selection of cases of pneumonia, finding no major changes in ICD coding. Another weakness is that we could not link clinical cases to bacterial strains or serotypes of pneumococci with this study design. However, in prospective studies it is also difficult to isolate the causative microbe in children with pneumonia, sinusitis, or empyema.
Except for introduction of PCV in the vaccination programs, there were no changes or interventions that should have affected pneumonia or sinusitis case management or hospital care or that could have explained the decrease in hospitalizations for sinusitis and pneumonia. This finding is supported by the fact that the hospitalization rates for asthma or obstructive bronchitis and pyelonephritis were stable during the postvaccination period. However, a clear limitation is that data on outpatient care are not available.
Our data come from Sweden, a country with 98% PCV coverage, .80% day care attendance, very low levels of HIV infection and tuberculosis, and low antibiotic consumption compared with most countries, all of which play a role in the results. Therefore, it is not only pneumococcal vaccines that affect the rate of hospitalization for pneumonia and sinusitis in children; fluctuations in other bacterial and viral pathogens, socioeconomic status, hygiene in day care centers, and antibiotic pressure in society may also affect pneumococcal transmission.
CONCLUSIONS
Pneumococcal disease is the most important vaccine-preventable disease in children, because it causes most child deaths. Many low-and middle-income countries are implementing PCV vaccination programs. This study adds evidence that PCV vaccine (PCV7 and PCV13) prevents severe sinusitis and pneumonia, with implications for global child survival. [38] [39] [40] Specifically, we are the first to show great effectiveness against sinusitis in children aged ,5 years.
